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Abstract

ABSTRACT

This report documents (1) the problems inherent in
multiple choice testing, (2) a solution to the problems, and
{3) computer programs raguired by the solution. It also
-describses apd analyses a partial implementation of the
solution. The implementation was highly regarded by the
students (93% preferance) as they believed that they learned
more &nd performed better under it than wunder standard
testing procedures.
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Problem

PROBLEH

Each quarter at Virginia Tech over 40,000 multiple-
choice test sheets are processed by the Learning Resources
Center, This number has been increasing at the rate of 10
to 20 percent per year since the service was established in
1972 and will probably exceed 50,000 sheets this quarter,
For +the most part, this testing. is concentrated in a
relatively small number of wunderqgraduate courses with class
sizes in excess of 100.

Under these circumstances use of machine processing
followad by computer analysis and score reporting is
virtually unavoidable. Given the resources available 3o
faculty in charge of large sections, some with over 500
students, other methods of <testing are simply too time
consuming. Also, there is a further problem of maintaining
uniformity of scoring when this work is distributed over a
number of graduate assistants.

Quality and efficiency of multiple~choice testiny is
dependent upon a number of factors. However, the standard
method of creating and administering multiple choice
tests (A) has inherent deficiencies. A nonexhaustive list of
deficie2ncies follows: '

SCHEDULING INFLEXIBILITY

Students often nmiss tasts, seek reschednled tests, or
perform poorly on tests for legitimate reasons. Unavoidable
yet +transitory personal - problems and multiple tests
schaduled on the same day in several courses are two of the
more obvious reasons. In any case, either the conscientious
instructor must assume extra administrative burden (validity
of reasons often must be verified and alternative testing
procedures must be maintained) or the hapless student must

- - - - e -

(A) Th= standard method of multiple choice testing at VPI
is: (1a) an instructor-typist interaction generates copies
of a test or copies of scrambled versions of a test, or {1b)
a Computer proygram jJ2neratas tests by selecting fixed items
(each selaction of an item produces the same information)
from a file of fixed items, and (2) the tests are given to
students at an assigned time and place(s).

5
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suffer.

METHODOLOGICAL INFLEXIBLLITY

Retésting requireq by mastery learning techniques and
various other administrative and educational techniques can
not be readily implemented with present testing systens.

— e . S e e

While cheating by copying answers of an adjacent
examinee has nct recejved the press coverage of some other
forms of chesating, the Prevalence of this Phenomenon has
been documented in the University environment (B) . Cheating
on-tests can be controlied by use of multiple forms of a
test, careful control of seating arrangements, and rigiad
Proctoring; but many instructors are unwilling to take such
Strenuous measures begause they believe that student-
instructor rapport wil) be adversely affected. "

INEFEICIENCIES OF SPACE AND STUDENT-INSTRUCTGR INTERACTION
TINE

Each class is allocated resources, principally in the
form of X seat hours and Y instructor hours. The limits of
student-instructor interactjon are fixed by this allocation.
Inclass testing consypes a significant portjon of this
allocation. For example, the typical lecture based course
at VPI (3 contact hours Per week for 9-10 weeks) requires
2-3 hours for inclass tests (excluding finals). That is,
7-11% of the allocated Lesources are consumed by tests.,
This use of time is not inconsequential as student-intructor
interaction could be ipcreased by that amount (presumably
enhancing the student's education) or the student’s stay at
VPI could be reduced by that amount (saving the tax payers
of Virginia consideraple sums of money) if tests were
removed from the classrool. For example, the equivalent of
the VPI Introductory Bjology series (3 contact hours for 3
quarters) could be taught as two, 4 hour courses.

(B) Frary, R. B and T. N. Tideman, D2tection of Remarkable
Similarity Between NHultiPle-choice Test Responses. Paper
presented at annual .geeting of American Psychological
Association, Chicago, Septemper, 197S.

6
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INEFFICIENCIES

o i e i, oo LS e —_—

QF
QUALITY QOF EXAMINATIONS
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INSTRUCTOR PIZEPARATION TIME AND UNEY

While tests are among the most powerful edycational
tools, preparation of each test is a creative effort which
compates with research, aduinistrative duties, lecture
preparation, etc. for the instructor's time angd energy.
Since this competition occurs several times duprilJ the
academic year, test preparation often comes out on tpe short
end. Pushed for zime, the instructor hurriedly c¢reates a
low quality test from scratch or uses essentially a previous
test (which nmay be 1last quarCter's last minuty test).
Educationr 1S poorly servad in either cass. Low quality
tests frustrate the more congcientious students f£or these
studernts are penalized relative to weaker students since
chance playsS a larger role 1in Poor tests. Previgus tests
are a better wmeasure of the Students 'connections® than
knowledge,

While some instructors make more of their efforts in
this area than others, no instructor at VvPI can readily
analyse the quality and results of his tests in datail
simply becauSe the necessary uSe-statistics on tgst iltems
are not raadily available. <Careful analysis of tha CeSults
of tests is absolutely necessary in directing the instructor
toward improvements in both his Presentation and hig testing
procedure,

Uneven quality is also a Problem with most cOmpyter
basel systeds due to poor organizZzation, lack of compactness
of information, or lack of analytical features.

-~ -

EXPENSE OF EKEPAKATION

The process of having a sSecretary type a tegt, the
instructor proofread thas test, and th= secretary retyPe the
test 1s tim® consuming and erfOr prone. The inyeStpent
increases tramendously if more than one form (scrakbled
version) of a test is required. While this expegnsa is
probably reduced by all computer hased systems, the Savings
vary from syStem to system depending on design.
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SOLUTION

2 solution bhas been found (and in part demonstrated)
that has 4 major featuyres, Thas featureg are {1) a special
item file design, (2) a method of generating a large number
Of upique, equivalent  measure tests, (3) published itenm
files, and (¥ a ‘testing station jindependent of the
Classroom. Each feature of the solutiop is discussed in
tura,

ITEM FILE D2SIGN

The itea file was designed (1) to ajlow a large number
Of true and false responses-for each item 'stem! (i.e., the
question portion of the item), (2) to 1llo% the inclusion of
Outline material, ard (3) to allow the ipnclusion of response

Usa-statistics. Use of these design features aid the
lnstructor ir creating, orgarizing, and e¢valuating his test
ltens, They also 2aid the instructor 4n evaluating his

Prasentations and the student's grasp of the study areas.
Each design feature is discussed in turn,

Large Number QQNEEQQ and False Responses peL Item Stem

Through the assoCiation of a large pumber of responzes
With each stem, the instructor reduceS the need for
Fedundaunt information, and the resunltant c¢oncise information
Is much easier to access and evaluate. This m=multiple
association also lends itself to efficiept item creation as
the major concept is usually embodied in ¢he stenm.

Outline Material

Outline material and comments are e¢gSily placed in the
item file and ars necessary for proper organization of an
item file, A highly organized item file is absoliutely
lecessary for even eévaluation of both the student's grasp
and tha instructor's effectiveness. In fact, the item file
Should = usually be more highly structured = +than other
materials (e.9d., lectUres and text books) because it usually
Carries the same range of ideas as the presented material
but at various levels of difficulty.
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RespopSe Use-Statistics

Although this feature ig not available at present, it
will soon be available shid thus is discussed for

completepess, Aralysis vill be accomplished by
incorporating use-statistics gf each response into the itenm
file, These statistics wijl allow the instructor to
determine which type of studgent missed the response and
which type of student did not. These statistics are

absolutely necassary if the instructor desires to measure
his effectiveness, to measurg the students grasp, and to
measure the response's validjty. Of course the 3 measures
are. cohfounded and no-statigtic will substitute for the
instructor's experience and ggod judgement in deciding which
measure& is having the  greater influence. Bu%t the fact
Cemains that at present no ipsStructor at VPI has access to
the information needed to make that judgement.

In closing this section oB the dasign of the item file,
I hasten to restate that the item file is designed to allow
organization and analysig. It encourages these
characteristics by making thpem easily available, not by
making them mandatory. 1In fact, even standard items (i.e.,
fixed items) can be entered into the item file with less
effort than is customarily ysed in typing a test. This
apparent laxity is purposefu}, serving the larger role of
allowing instructors to use the item file as if it were a
standard item file. Thus, the instructor can grow into full
use of the item file at his peculjar pace,

UETHOD OF GENERATING UNIQUE, EQUIVALENT MEAS

——— e o —— = '~ ——— -

=]
it
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As lony as copies of only one t2st are available for
use 5y a class during a testing period (e.g., a midterm)
inflexibility must bs the rule ang cheating will be a
correslary, That is, everyone involved must be at desigunated
locations at a specific time, and in all probability someone
will lcok at a neighbor's tegt. But the customary use of
only one test results from gdministrative problems rather
than .conceptional ones. After all, with tests we are
sampling the student's grasp of a study area through the use
of a small sample of items, This small sample of itenms
comes from the potentially infinite set of items stored in
th2 instructor's brain. If an instructor could easily and
randomlY sample that set of jtems, he could generate a set
of unique, yet equivalent measuXe tests. By unique, I mean
that the tests would be syfficiently different that a
student could not gain advantage by studying one of the
t2sts, €.g9., ons taken by a friend, prior to taking another

9
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of the tests for credit. By equivalent measura, I mean that
any two tests from the set would provide equal.measures of
the student's grasp of the study arcea. With a set of
unigue, eguivalent measure tests on a study area, the
instructor could be guite flexible in administering tests
and could be properly unconcerned with the common forms of
cheating.

Thus, a part of the solution is a method of generating
unique, es3juivalent measur2 *ests. This is accomplished by
randoamly s2312cting a spacified number of itams fronm
spaecifiad areas of an item file (ar=as corresponding to
study arceas) and randomly selectiny trus and false rasponses
for sach selected item. Equivalent measure of each test
rasul+ts from homogeneous arw=as of items and froun the
smoothing effect of random selection, Uniqueness results
frem the size ot the iteum file. Given the compact desiqgn of
the item file, the number of items needed for unriqueness of
ganseratad tests is well within the reach of an instructor.

PUBLISHED ITEM FILES

A =ufficientiy large (too large for a student  to
memorize), published item file would serve the immediate
2ducational purposs=

2 of directing the student's study efforts
and would r=duce the administrative efforts required to
maintain t2st security and to ensure 2quitable distribution
of 0ld tests (koofers at VPI) to all studerts.

TEZSTING STATION INDEPENDENT OF THE CLASS EOOM

A t23ting station independent of the classrocm is
S

necassary for efficiency of space and for flexibility. The
testiny station should coansist of a comfortable room and a
friandly human nponitor. The monitor would check 1IDs,

U p

dispense appropriate tests to <students as they enter the
room, and dispanse test kavs to students who have completed
their tests, providing +he tested students with instant
feadback., The station should be open at _convenient times,
Thus, a student would be free of time and other petty
pressur=2s that often adversely affect ‘his performance.
Operation of the station would provide economies of scale
and skill. That 1is, many classes could use the same
station, and the monitor's required skills would be minimal.

10
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Prograss

COXPUTER PROGRANS
- Cartain  computer programs are = necessary for
impiementaticn of the solution. I have +writtemn three

prograns and a fourth remains to be written. The 3 existing
prograas are called ITSFNT, ITSANL, and ITSGEN. ITSUPD
remains to be written. EFach progiam is described in turn.

IIsgn

»3

ITSFYT reads through a raw (changed or recently
created} file producing (1) an item file suitable for use by
the other programs and (2) a statistics listing. This
program allows the secretary +o0 put 1less effort into
creating or changing an item file than he would put into
typing a test because ITSFNT does most of the work in
formatting and because <+ha statistics listing, with its
descriptive statistics and error nessages, wmakes detection
and correction of logical errors easy. Figure 1 illustrates
a swall, raw file called FIG1. ITSFMT operated on FIG1 to
produc2 item file FIGZ of figure 2 and simzltan20usly the
statistics 1iisting of figure 3. The remainder of this
section .is a detailed dascription of the rav £file,
statistics listing, and item file.

Ra¥w Ite

=]
-1

ile

The items ertered in the raw file by the secretary have
minimal format. The item 1ID is entered as one record,
followed on subsequant records by the steam. Next the
response ID 1is entered as one record, followed by +the
CeSponse on subsequent records. Other responses are entered
in a like manner. The only other restrictions on 2ntry of
an item ares that (1) records entered into the raw file nust
be less than 256 charactzsrs in length, (2) an item (stem +
responses) and its comments must occupy less than 32,768
records in the itca file where the maximum record length is
80 characters (longer racords in the raw file are broken at
word boundaries, <the axtra length being inserted as a new
record), (3) an 1item must have a stem and at least 1 true
and 1 false response, and (4) an item nmust be left justified
at the 2nd columnn.

Column 1 is served for special characters. An itenm

re
ID record must hav2 a ':' in column 1 while a response ID
record must have a '+' or -t depending on the response's

11
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truth value. An item ID may be any number of the forn
'EAFRRAG.FH 448844 vhere '#' is a decimal digit {leading and
trailing zeroes are not nacessary) . This range is provided
to allow stability of o01d item 1IDs while allowing for
insertion of new items and to allow latitude in choice of a
systematic numbering system if one is desired. A response
ID aust be integers from 1 through 32,767. Bo:h the itenm
IDs and the rasponse IDs (within an item) must be strictly
monotonically incresasing. Records with a *.?® in column 1
and praceding a response ID record ar2 considered comments.
Siailar records preceding an item ID record are considered
outlin2 material. The '.' records never appear on a test;
they ar2 strictly notes for the instructor.

e S e SRS =L

If any logical errors exist in the raw file, ITSFHT
will correct +hem or ignore the of fending items. In either
case, there will be no logical errors in the item file even
though it may have fzwer items than intended by the
instructor. Thus, to 3id the secretary in catching and
correcting logical errors, both the type and location of

logical errors in the raw file ar2 documented in the

statistics listing along with useful descriptive statistics.
Examples of logical errors ars improper numbering of itenms
Or respons2s, nonspscial characters in column 1, 1o
respons2s for an item, etc. The statistics listing of
figure 3 shows that raw file FIG1 has no logical errors. It
also shows that the item b=ginning on record 3 of FIG1 has 3
mOre true responses and 5 more false rasponses indicated on
the item ID record of FIG2 than indicatad on the item ID
record of FIG1. For the item beginning on the 24th record
the numbers are 5 and 7. Both filss have 53 records of 2
items,

Item File

An item file 1is an exact copy of a raw file (assuming
no logical errors in the raw file) except (1) all records
have beecn raduced to 89 characters or less and (2)
adaditional fields may have been " added and initilized. An
item file has 3 fields on sach item ID record that carry
i-aam descriptive numbers that are primarily for wuse by the

thel programs. These are the number of true and false
responses, and the number of records occupied by the item
and its comments. For exampl2, 4in item file FIG2, iten
139.557, the numbers are 3, 5, and 22, respectively. 1In
addition to tha itesm d2scriptive fields, several fields are
set aside by ITSFMT to carry use-statistics once they bacome
available. Thase fields are initilized to '0' if they are

12
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undefined in the raw file. Each item ID record has a field
reserved for the number of times the item appeared on a
test, and each response ID record has 4 fields reserved for
(1) .the number of times a student reacted properly to the

response (i.e., matked true responses and left false
respons=s unmarked), (2) the number of -times students
reacted 1improperly to the response, (3) the sum of the

standardized test scores of the properly reacting students,
and (4) the sSum of the standardized test scores of the
improperly reacting students. o :

After items have been wused on tests, the said use-
statistics would be accumulated from the students answver
sheets and added to the item file. ITSUPD would handle this
chore and will be discussed later. However, it serves my
preseantation to show how item file FIG2 might appear with
use-statistics. Figure 4 1is item file FIG2 with simulated
use-statistics. This file is now called FIGH, :

In closing this section on ITSFMT, I restate that
ITSFMT allows a secretary to create an item file with less
effort and in less time than is required to type a test.
This detailed discussion is presented for documentation of
the program and is not necessary knowledge for its use. In
fact, the structure of the entered item (the only one the
secretary has to understand) is sufficiently intuitive that
few errors will be made and the most likely ones will be
corrected by the program. ITSFMT 1is easily operated. It
ne2ds to know where the raw file is located and where the
item file 1is to be placed. The statistics 1listing is
written on SYSPRINT. '

IISANL

Even though ““fhe item file is quite attractive to the
computar programs and ensures execution efficiencies, an
exact listing of the item file is definately not for human
use. The tremendous detail of an exact listing prevents an
overview of the item file, and the cumulative statistics
prove awkward in anralysis. Thus, TITSANL was written to

provide two 1listings for the instructor: (1) a contents
listing that contains outline wmaterial and item IDs and (2)
an analvtical 1listing that: contains easily understood

statistics instead of the cumulative statistics. Figures 5
and 7 were simultansously produced by ITSANL from item file
FIGU., Figure 5 is the contents listing and, figure 7 is the
analytical listing. However, since itam file FIGY4 is so
swall that an overview 1is obvious, +to carry the point I
provide a contents 1listing from a larger item file (figure

13,
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6).

From the analytical listing the instructor can learn
for each response (1) the number of times it appeared on a
test, (2) the percentage of students who reacted properly to

it (i.e., wark~7 a tr -~ response or left a false response
unmarked), (" :ge standardiz=d score of the proper
reactors, averag2 standardized -+ .re of the
improper r . example, response 1 ¢ : ‘em 139.557
{(figure 7) . 424 tests; 20% of the st .ts reacted

properly to it; the average standardized score of the 20%
was 79; and that of the other 80% was 45. Through careful
reflection on this analytical information the instructor can
measur2 his performance in each area of presentation, the
students' grasp of each area, and each response's validity.

One should: contrast the ease of understanding the
information carried in figure 7 with that of figure 4. In
most cases, the instructor would have no reason to see exact
listings of his item file, and he would work with contents
and analytical listings only.

ITSANL is easily operated. It needs to know where the
item file is 1located and whera the contents and analytical
listing are to be placed. ’

IISGEN

ITSGEN generates (1) a specifications listing and (2) a
set of - tests. The specifications listing lists the
spacifications used in generating the tests and any errors
ancountered.

The instructor must provide ITSGEN with one group of
specifications for each set of tests to be generated.  Three
types of specifications are required for generation of a set
of tests; other specifications are available to allow

‘greater control over the generation of a set of tests and to

allow for the production of auxiliary information.
Spacifications are of the form ‘keyword = value;', and the
last specification of a group  must be Followed by *END;*.
Each specification mnust be less +than 32,768 characters in
length. Table 1 1is a list of all kaywords, their use, and
default valuss. The tests of figure 10 and the
specifications 1listing of fiqure 9 resulted from the
operation of ITSGEN on the group of specifications in figure
8. A discussion of this example will serve to illustrate-
the use of specifications. ‘

14
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Two selections ('SELECTIONS = 2;') were specified. A
selection is a test generated by randomly picking items from
ths pool of specified items and randomly picking responses
from the chosen. items. In this example, two items were
randonly picked from the items with IDs between 100 and 200,
inclusively ('REQUEST = 2 100 - 200;'), and, by default, up
to 1 true and 4 false responses were randomly picked from
each chos=2n it=nm., Thus, each selection was a unique test.
Two versions (!'"RRSIC'T = 2;') of each selection vwere
specified. A vevsiu. . - test generated by randomizing the
order of <each item's chosen responses. Thus, the two
versions of_ each sel.. ion had the same items and responses
but the . responses were scrambled. Most instructors would
not ask for both versions and selections. Many selections
and 1 version (multiple tests) would be the rule for
individualized testing, and many varsions and 1 selaction
(multiple forms) would be the rule for inclass testing.. I
specified both to show the generality of ITSGEN. The tests
wer2 80 characters wide. (*LINESIZE = 80;') and had a title
on the first page of each test ('"TITLE = SPECIFICATION
EXAMPLE;'). Item file FIGU contained the requested items
("ITEM_FILE = FIG43;'), and the generated tests were written
on file FIG10 ('TEST_FILE = FIG10;').

Figure 11 is another example of specifications used to
generate a test, Figure 12 is the specifications listing,
figure 13 the test, and figure 14 the test key. In this
example, 4 item <files were searched for 18 peculiar itens.
This is a realistic example as 240 copies of the generated
test and - key were printed and handed out to students as a
study guide. This effort cost about 10 computer dollars and
10-20 human minutes even though no special effort was made
toward efficiency.

A specification listing has up to 4 sections. One is
essentially a relisting of the specifications. Any logical
error 1in the specifications would be caught here, an
appropriate error message printed, and execution on that
group . of specifications would ceas=, The second section
lists all specifications obtained. The third section lists
the items requested ('POSSIBLE ITEMS') in a sorted, parsed
form. Any logical errors in an item request would be caught
at this poiat, an appropriate error. message printed, and
execution on that group of specifications would cease. The
fourth section lists the number of requested and available
itaenms. Should insufficient items be available, an error
message would be vprinted and execution on +that group of
specifications would cease.

ITSGEN 1s easily operated. It needs to know where the

15
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itam files ard specifications are located and where the‘
tests and requested auxiliary information are to be placed.

ITSUBD

This program is not completed. It will combine the
information in the analysis file (an auxiliary information
file that carries =each item and response ID of each
generated test) with the students!' test results and compute
use-st" ' stics. The results will be used to update the use-
stati of the item files. .

16
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IMPLEMENTATION OF SOLUTION

While the solution seemed logical, I realized that
'logical' solutions do not necessarily function as expected.
‘Thus, to demonstrate its feasibility and to dain operational
information, the solution was implemented on a small scale.
This implementation is labeled ITS (individualized testing
System} .

MRE

Four instructors in 4 different classes were involved
in this implementation of the solution {(Fall 1975 and Winter
1976 Introductory Physiology and wWinter 1976 and Spring .1976
Introductory Genetics with 173, 95, 163, and 97 students,
Cespectively). Two major compromises were necessary.

(1) The solution requires a testing station available
at convenient hours, e.g., those of a library. This would
allow the students wide latitude in scheduling their tests
and would allow the instructor to test and retest 4in any

Pattern or freduency desired, However, the scale and
Lesources were too small tc justify operating the testinc
Station as envisioned. Thu the instructors agreed to use
only on2 pattern of testin. This was essentially =z test-
Cetest pattern at standard t .ing pericds. A studern= counld
take 1 tast quring the fir week and 1 test duzing =he

Second week of a testing pei.>d. If the student w:ok both
tests, only the second test 22test) counted (fip=ls w=Te
exceptions tn 2 of the class a3s the maximum of “@:= tesrt-
FCetest count=d). Grades wers osted after the first w=ek so
that the students could make informed decisions on =z :'inz a
Second test (2 classes posted letter grades, 1 clas= postad
Scores, and 1 class posted adjusted scoras). The testing
Station Wwas generally open 12 hours a week {3 hours in the
2vening on each of 4 consecutive days) . :

, () The solution requirez item files sufficieantiy large
for publicz=-ion (too largs for memorization). These
Publications would aid a s=ident in directing his study
@fforts and would antiquate zost efforts undertaken in the
Name of test security and =juitable distribution of old
tests. Howaver, sufficient icem files were not available.
Thus, as a study gquida2, copies of . a test and its k2y were
distributed a week bsfore the testing period. The security
of the item files was maintained by retaining all tests at

17
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Implementation cont

the testing station.

A prototype of ITSGEN was used to generate sets of

anique tests for each testing periogq. Two instructors
cr=ated item files from scratch while the other 2 modified
existing item files, Three of the classes wused the systenm

for all testing periods: midterms, endterms, and finals.
One of the classes used it only for its endtern, using essay
tests for the midterm and - final. All students were given
instructions on th= use of the testipg station (figure 15) a
week before the first testing period. The protocol at the
testing station was: the incoming studept's ID was checked
against a class roll and he was gived the appropriate test,
the tested student exchanged his answer sheet for the key to
his te and studied his test and key, and the departing
studen. returned his test and key to the monitor.

ANALYSIS

While the snlution 1is very broad, ITS was necessarily
t2ntative and narrow. Thus, an analysis of all aspects '6f
tu:z scluation s not possible from ITS (post benefits of the

olz=icn are salf-evident anyway). Howevar, from student’'s
- 1rv=2ys, gradas, and conversations, an analysis of the
- lucaz=:onal effects of some aspects Of the solution can be
~ad»; 2nd from experience with this implementation, I can
SzEnzEn s on cost effactiveness.

Students in 3 of the «classes were gsurveyed affer their
Zirc: ITS testing period. Figure 16 is the surver and

=znl s, The numbers preceding the responses ar=2 the
fyazcentage (rounded to integers) of the students who

somsid=red the 1item and marked that Tesponse. The three
-mmilam s represent the 3 classes surVeyed, and the classes

122 reZerenced 'left!, 'middle', apd 'right! dep=nding on
‘h= position of their column. A '_' meaps that the response
43135 No on the survey given to that class. The surveys
~Tonib had cthe following wvalidity relatZonship: 'right' >

> t'left'. The :-imary reasons for this Tanking
the number and perc-antage of Styd=snts responding to
irveys (62% of 97, 'la:='; 65% of 95, *'middle'; and 76%
i, 'Tight') and (2) t¢:: propriety of -he test itenms.
.= irzstructor of the 'right’ class ysed his own item files,
=7 t:2Y closely paralled kis lectures; the instructors of
2 'middle' class and '1:ft' clasgs primarily used .iten
filars ~reated by others, ani they encountered and coped with
dZv=. . .uce of lectures and item files to different degrees
— <*mg¢ instrucrtor of the 'niddle' ¢1aSs wyas more active and

~ - - &
s_.cc=ss3ful.

QT e

18
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Impropriaty Of the ta2st items given to the 'left! class
is further supported by the fact that the 'left' class
performed much poorer at a comparable testing period than
the *right' even though essentially the same item files were
used to generate the tests for both classes (rean = 60.6,
Se2. = 1.62 for 'right' and mean = 50.8, s.e. = 1.84 for
*left?)y. 1In addition, from conversations with students, I
believe that students of tha 'left' class were led to blame
the ‘'computer' for the impropriety of their test itens.
Thus, I restrict my discussion of the survey to the 'right!
class, +iough thers was general agreement of all three
surveys '

Survey comments (item 23) were divided into 3 classes:
positive (figure 17), negative (figure 18), and irrelevant.
Comments considered irrelevant were "I like the course but
the book is terrible.", "Large computer sheet was very nice
to have.", and statements on imaginary, corrected, or
uncorrectable technical problenms.

Educational Aspects, Positive

The rexction to ITS was so overwhelmingly positive +that

"a sophisticatad analysis was not required, Students were

pleased witn ITS because they believed that they learned
nore and performed better under it than wunder standard
testing procedures. This opirion was independent of the
Pattern of testing ' (test-retest) since 80% of the students
(it=2m 19) would have perferred ITS to inclass testing even
if retesting were not availabla. The benefits offered by
the testing station vere probably responsible for +this
acceptance. That is, 67% (item 13) thought choosing their
test day and 81% (item 17) thought the atmosphere of the
testing station contributed positively toward their
performance. Even though 80% is a high acceptance rate, it
is probably a low estimate of a true acceptance because (1)
the testing station was constantly moved due to room
scheduling problems, (2) some of the rooms were poorly
designed for this purpose, (3) the monitor proved to be less
than adequate on more than one occasion, and (4) . the 4 day

testing interval probably provided less scheduling
flexibility than needad because many students have multiple
tests during the week of a standard testing period.

Although the testing intervals were functionally short, the
students made the most of them and distributed themselves
over the days (item 7) for various reasons: other tests
(79%, item 8), study time (59%, item 9), personal reasons
(35%, item 11), and illness (3%, item 10).

19
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N

Whil= the solutipon does pnot require a test-retest
pattern o> +testing, this is an example of a pattern that
could not 52 readily used with standard testing procedures.
Thus, the students' acceptance of and performance under this
pattern were nmeasures pof the solution. Acceptance of the
Letest option was high a5 the avarage student took 1.8 of
the 3 possible retests (20%, 33%, and 32% of the '‘righte?
class took retests at 1, 2, and 3 testing periods,
respectively). B88% of th© retesters (item 16) believed they
learned wore as a result of retesting, and the average
retester significantly improved his score (for the ‘right*
Class the average score Changes for the 3 testing period-
Wwere 14%, s.e. = 1.3; 11%, s.e. = 1.3; and ~ - W Y9) .

Retesters improved their scores whether they studied as
usual for the first tegt Or studied in anticipation of the
retest. An estipated 49% (based on surveyed students who
gave their IDs and marked item 15) of the retesters claimed
that they studied as ysual for the first test, and they
increased their score by 13% (s.e. = 3.2). One nmember of
this group calculated that her class grade under a standard
testing procedure would have been her usual C, but by
correcting wea<nesses obgefved in the first tests ang taking
all rest=sts, her final grade was an A. An estimated 51% of
the ret=sters claimed tpat they studiad in anticipation of
the retest, and this dJroyp increased its score by an
2stimzted 17% is.e. = 2.8).

taz=d on conversations with stuients, I believe that
those arxticipating the retest can be divided into at least 3
groups: (1) those who foung it 'inconvenjent' to prepare
for the first test, (2) those who had genuine scheduling
problem= not solved by the 4 day testing interval, and {3)

those who fourd that Practicing on the first and
concentrating on the second test was an effective method of
study. Theoretically, 2 sStudsnt waximizes his grades by

prepariny for the first test z3d viewing the second as a
‘backup*, but many of tpe 'practice-concentrate' students,
who were 'good' students, believed that their method was
best for them. Thus, +tpe student's <ceactions to the test-
retest pattern were highly Varied and personalized, and the
various personalities seel24 to uss it to benefit their
educations,

In closing this sectiOn, I restite that the reaction to
ITS was overwhelmzngly positivae. This fact is summarized in
the following: (1) the grade shifts of retesters (table 2),
(2) the 93% preference for ITS (item 18, figure 16), and (3)
the student's positive comBents (figure 17).

20
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ducarional ASPects, Negative

Possible negative aspects of ITS were surveyeg With
items 21 and 22 of figure 16. 16% (item 21) of the students
felt that there wWere substantial variations in difficylty of
the tests, Having seen these tests, I do not belieye this
to be true. 1IN any case, the following experiment wys done
to check the SYstems ability to generate equivalent peasyre
tests. The same item files used to generate {''@ = sPect
tests were used to generate 2 v~ i 2 selections With
25 items each. The 2 z...c.ions huu only 3 commoy itenps

ith the samez true responses. Coples of the tests were Used
for inclass testing (Brian Davis' Genetics, Fall 1976), The
average score for the 212 students was 17.66 (s.e. = 0-28y,
the average sTores for the 2 versSions of selection 1 Vvaere

18.45 (s.e. = 0.,58) and 17.21 (3¢, = 0.51) and thqose for
the 2 version= of selection 2 wer® 17.39 (s.e. = 0.57) and
17.54 (s.2. = 0.,58). <This experiment does not indjcate a

diffarence iz difficulty between the selections. Thuyss the
16% was prosably an estimate of frustration or rugor (at
most a stuyieht saw 2 tests) rather than a measyge of
variation ip test difficulty.

51% (157 * 36%, item 22) of the students believed that
the 2 week t3Sting period interfsred with learning nRew
material tc =ome degree., This TIesponse is difficylt to
interpret bsc2use ITS does not reguire such an interference,
‘Perhaps the 5'% is a measure of the student's problegmls in
scheduling zhelr study time. ’

The naga~ive comnents are in figure 18. While 1
sympathiza2 wit< the students' desire +to have the instypuctor
present at thé testing station and while the solutiogy does
not require +that the instructor Or his aids be absent, I
belisv2 that tesSting is better served if the student iS 'on
his own'. ThiS decreases noise and confusion in the tgStipg
room and elipilates the advantageS that might otherwise pe
gained by the MOre versistent students. .

Cost Effectiven8ss

Though 1ittle quantitativs data exist, the foljo¥ing
obsarvations cah be made: (1) the secretaries spangy léss
tim: enteriny 1tams than they would have spent typipd the
tsscs, (2) <«h® rooms used as testing stations Wwoulg have
otharwise been Unused, (3) the instructors ‘gained' a clags
p=riod at eacn testing period, (4) monitors were relagively
cihzap (we u3”d a teaching assistant, but a work stugy
stident could Pe used bacause truUStworthiness is the only
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needeqd skill), and (5) tests cost from # to 20 computer
c¢énts per copy. A careful accounting would probably shou
that this implementation was cheaper to administer than
Standard testing proc2dures even t% gh tpi5 iapler - +ation

had start-up costs, could not ta; - lvanta< of 5. , and
employsd computer p- Jrams (proto=xy: of + Osc discuused in
this rapors' tuc. . 2 ra~latively inei.icient ane awkward to
dsa, .
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Conclusion

C¢ ~ON

ThisS report has dealt with the solution at the level of
the individual class. It shows that all problems inherent
in standard —multiple choice testing are addressed by the
solution, and it shows that the solution is popular with
students for educationally soynd reasons. However, the
benefits Oof testing stations with sets of unique, equivalent
measure tests (not necessarily al] multiple choice) could
have many *higher' applications. Following are 3
possibilities,

(1) Students could readily obtain credit (even grades)
for a course ‘by taking the fina) for that course. The
departments would encounter gpo0 gdditional expense, yet
students using this method woyld be subject to the same
standards as students who took the course. Precocious
entering freshmen, some transgfer students (those with
certain Credit transfer problems), and some bright upper
classmen might eliminate seyeral lower level course
requirements, allowing them to complete college sooner or to
tak2 more free electives. Thig method might be especially
rewarding if cuTrrent item files and study guides were
maintained at high school 1libraries, and testing stations
were available at freshman orjehtation. Perhaps students
from t*better' high schools could =2liminate much of the
freshman year requirements.

I realize that students c¢ah presently exempt certain
classes by examination. However, the present procedure ‘does
not ensure that the student has thes gpecific facts needed to
complete Subsequent courses of g Trequired series.

(2) With little or no ¢ffort, departments could require
graduating seniors to take a speCtrum of their tests. The
test results, coupled with those of appropriate national
tests, would be a measure of the Students' total education,
and thus should ‘%telp th= lepartmants find weaknesses in
their progr=as.

(3) Classas with multiple sections could be readily and
evenly tested, and the relative sStrengths and weaknesses of
the instructors could be regdily ascertained. These
instructor diaguncstics would be much more meaningful than
those presently obtained by VPI’S studen® survey method as
these would be based on actual student performance.
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In addition to the 'higher' applications resulting from
a testing station.with sets of unique, equivalent measure
tests, the item file design with its emphasis on
compactness, organization, and response analysis should aid
in the production of high quality testing material. The
emphasis on publication should encourage distribution of
this material. 1Indeed, authors of this material could find
themselves in a market situation similar . to that of text
books. Thus, the more talented producers of item files
would be rewarded for their efforts, and the entire
education community would share the benefits at a nominal
coste.

In closing this report, I stress that I have listed
only a faw 'higher' applications of the solution. No doubt
ths solution has many other far reaching applications as the
production of large sets of high quality, unique, equivalent
measure tests reduces most time-space-effort constraints on
testing.
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-~ Figure 1

+TWO SAMPLE ITEMS FOR A DEMONSTRATION OF THE COMPUTER PROGRAMS
+Item from a genetics item file of 550 items.
1139.557

The following, listed in order of dominance, are 4 alleles in rabbits: c+,
colored; c(ch), chinchilla; c (h) himalayan;
c, albino. A colored rabbit crossed to a colored rabbit produced 3 colored:
chinchilla.

The parental genotypes could have heen

+1 '

c+ c(ch) X c+ c(ch)

+2

c+ c(ch) X c+ c(h)
-3

c+ c(ch) X c(ch) c{ch)

-4

ct+ c(ch) X c(ch) c(h)
-5

c+ c(h) X c(ch) c{(ch)

*+6

c+ c(ch) X c+ cC
-7 . .
c+ ¢ X c(ch) c(ch)
-8

none of the other answers are correct

.Item from a physiology item file of 242 itenms.
£159.5

An amino acid residue that contributes to H bonding between amino acid side
chains (R groups)
+1

serine

+2

tyrosire

.comments can be placed before any response
+3 .

threonine

+4

aspartic acid

+5

glutamic acig

-6

proline
-7

tryptophan
..8_

isoleucire
-9

leucine

~10

valine
~-11

alanine
2 25
glycine

items, 139.557 and 159.5. Note that colunmn
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’ Pigure 2

«TWO SAMPLE ITEMS FOR A DEMONSTRATION OF THE COMPUTER PROGRAMS 76100&23&915000
«Item from a genetics item file of 550 itens.
: 139.55700000 0 3 5 22
The following, listed in order of dominance, are 4 alleles in rabbits: c+,
colored; c(ch), chinchilla; c (h) himalayan;
C, albino. A colora2d rabbit crossed to a colored rabbit produced 3 colored: 1
chinchilla. ‘
The parental genotypes could have been

+ 1 0 0 0 0
c+ c(ch) X c+ c(ch) .
+ 2 0 0 0 0
c+ c{ch) X c+ c(h)
- 3 0 ' 0 0 0
c+ c{ch) X c(ch) c(ch)
- 4 0 ¢ 0 0
c+ c{ck) X c(ch) c(h)
- 5 0 0 0 0
c+ c{h) X c(ch) c(ch)
+ 6 -0 0 0 0
c+ c{ch) X c+ c . L.
7 0 -0 0 0 :
c+ ¢ X c(ch) c(ch)
- 8 0 0 0 0

none of the other answers are correct
«Item from a physiology item file of 242 items.
: 159,50000000 0 5 7 28

An amino acid residue that contributes to H bonding between amino acid side-
hains (R groups)

1 0 : 0 0 0

+ 0 0 0 0
tyrosin

.Comménts can be placed before any response

+ 3 0 0 0. 0
threonine :

+ 4 0 0 0 0
asprartic acid -

+ 5 0 0 0 0
glutamic acid

- 6 0 0 0 0
proline '

- 7 0 0 : 0 0
tryptophan

- 8 0 0 0 0
isoleucine

- 9 0 0 0 0
leucine

- 10 0. 0 0 0
valine

- 11 ) 0 0 0
alanine

- 12 0 0 0 0 26
glycine N

D - T T s e . . > W mom o -

F* o * 2. Item file FIG2 produced from raw file FIG1 by ITSFNT. FIG2 is
{]{U:)per form for use by the other computer progranms.

Full Tt Provided by ERIC.
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Figure 3

TWO SAMPLE ITEMS FOR A DEMONSTRATION OF THE COMPUTER PROGRAMS 761004234915000

- TRUE RESPONSES CHANGED BY 3 & FALSE CHANGED BY 5 FOR FOLLOWING ITEM
3 ':139.557
TRUE RESPONSES CHANGED BY 5 & FALSE CHANGED BY 7 FOR FOLLOWING ITEM
24 1:159.5¢

STATISTICS:
INPUT ITEMS = 2 RECORDS = 53
OUTPUT ITENMS = 2 RECORDS = 53

Figure 3.  ITSFMT produced this statistics listing and item file FIG2-
simultaneously from raw file FIG1. Since FIG1 had no .logical errors,
only statistics appear in the listing.
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’ Figure 4

«TWO SAMPLE ITEMS FOR A DEMONSTRATION OF THE COMPUTER PROGRAMS 761004234915000
-Iten from a genetics item file of 550 itens. .
s 139.55700000 1273 3 5 22

The following, listed ip Oorder of dominance, are 4 alleles in rabbits: c+,
colored; c{(ch), chinchilla; c(h) hipalayan;

C, albino. A colored rabbit crossed to a colored rabbit produced 3 colored: 1
chinchilla.

The parental genotypes could have been

+ 1 35 339 6715 15255
c+ c{ch) X c+ c(ch)

+ 2 84 316 6804 14536
c+ c(ch) X c+ c{(h)

- 3 190 48 11400 2160
c* c{ch) X c{ch) c(ch) i

- 4 219 51 13578 2193
c+ c(ch) X c(ch) c(h)

- 5 201 . 54 11859 2376
¢+ c(h) X c{ch) c{ch)

+ 6 89 360 . 7298 15480
ct+ c(ch) X c+ c

- 7 - 205 ' 45 12195 1935
c+ c X c(ch) c{ch) ,

- 8 204 56 8832 3584

none of the other answers are correct
.Item from a physiology item file of 242 itenms.

: 159.50000000 1500 5 7 24

An amino acid residue that contributes to H bonding between amino acid side
chains (R groups)

+ 1 120 180 7440 9000
serine

+ 2 130 195 8190 9555
tyrosine

.comments can be placed before any response

+ 3 110 165 6710 8415
threonine

+ 4y 58 232 4350 11600
aspartic acid

+ 5 62 248 Guéy 12400
glutamic acid

- 6 132 22 8792 1078
proline

- 7 154 66 11088 1980
tryptophan )

- 8 180 20 9360 980
isoleucine .

- 9 212 . 23 10812 1104
leucine

- 12 165 29 8250 1450
valine

- LR 174 38 8700 1900
alanine

- 12 182 43 8736 2193
"glycine

.................... » | 28

Figure 4. Item file FIG2 wWith sipulated use-statistics.

ERIC — -

IToxt Provided by ERI
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- TWO SAMPLE ITEMS FOR A DEMONSTRATION OF THE CONMPUTER PROGRAMS

TWO SAMPLE ITEMS FOR A DEMONSTRATION OF THE COMPUTER PROGRAMS

Item from a genatics item file of 550 items.
: 139.55700000 1273 3 5

Item from a physiology item file of 242 itenms.
: 159.50000000 1500 5 7

Figure 5. Contents listing for item file FIGU.

29
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Figure 6
FCPHA, FORD CALHOUN, INTRO PHYSIOLOGY, BIOL 3111 760921140105000
FCPHA, FORD CALHOUN, INTRO PHYSIOLOGY, BIOL 3111 760921140105000

AQUEOUS SOLUTIONS

1. structure of water
: 1.00000000
: 2.00000000
: 3.00000000
: 4.00000000

2. chemical equilibria

H

[~NoNalo]
U= W N
mE LN

5.00000000

6.00000000

7.00000600
3. pH calculations
3.1. strong acids added
8.00000000
9.00000000
10.00000000
11.00000000
3.2. strong base added
12.00000000
13.00000000
14.00000000
15.00000000
3.3. computz |H+|
16.00000000
17.00000000
18.00000000
19.00000000
3.4. foTf weak acids
" 20.00000000
21.00000000
22.00000000
23.00000000
24.00000000
25.00000000
26.00006000

oo
- N
N &

[*NeNoNol
T Y
EE e E

OO OO
JE T Y
EEEE

ee o5 0 oy
C OO0
R G N G Y
EEEE
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Figure 6 cont

FCPHA, FORD CALHOUN, INTRO PHYSIOLOGY, BIC. 3111 760S..1140105000

3.5. pKb from ionizatZon constznt

: 27.00000000 N E 4
: 10000000 0 = 4
: “+-10000000 0 1 4
4, buffer:
: 3020000000 0 Z 4
: =37, JG000000 0 2 4
: ~34.36000000 0 1 4
: 33, 00000000 0 1 4
2 3£,00000000 0 1 4
: 33 .00000000 0 1 4
: 3. 00000000 0 5 11
THERMODYNZEZCS
: 2..,00000000 0 1 4
: 2 - 00000000 0 4 9
: Lt .,00000000 0 7 7
: 42.,00000000 0 3 4
: <£.00000000 0 5 12
: 43,00000000 0 2 4
: 44,00000000 0 3 4
: 45,00000000 0 3 4
: 45,00000000 0 3 11
CHEMICAL COXPONENTS OF CELL
1. lipids
©ol 47,00000000 5 13
: 48,00000000 0 6 6
: 45,00000000 0 6 6
2. carbohydrates
: 50.00000000 . 0 2 4
: 51.00000000 0 4 6
: 52.00000000 0 3 S
: 53.00000000 0 4 5
: 54.00000000 0 2 5
: 55.00000000 0 3 4
: 56.00000000 0 4 4
: 57.00000000 o 5 6
: 58.00000000 0 5 5
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' Figure 6 cmrt

FCPHA, FORD Al #330%, INTRO FAZSIOLOGY, BT~ 3111 783217 3015000.

3. amino :c; -

: RE FURSVININE ) I 0 1 -
: EEUIR A PV VIO HO 0 1 Z
: 67 .. whlI0T02 0 1 2
: 62. LALYmH” 0 1 4
: 63,902 mu 0 1 4
: 64..03pHac 0 1 4
: 65..v T 0 1 4
: 86.. . ;DA 0 1 5
M 67. 0 S80S 0 1 L
: 68..¢ 00000 0 2 c
: 69, s 0 2 <
: T0. i 0 2 4
: T1. ¢ ITTUR 0 3 c
: T2.7 200 G 0 1 5
: 0 1 5

: 73. LT
4, proteins
4.1. structur-
T4, o0l
Tt 75.0 3.7 90
: T6.0  u._3:00
: T77.2:.,.22000
78.00015. 220
79,0020 000
80. 007100 730
B81. 2.2 22G)0
82.0001D3C20
83.000:000C00
84.0RLUD0OD0
85,001 78700
86.00070290
87.00MIC: 0

—h

Y iy
=S NOONOOO O

90. 00GEIT U
91.0005000 3
92.00000000
93.00000000
94.00000000
95.00000000
96. 00004000

~

97.0 3407990
98 . 001 00G2.00
99.0000020C00
100.000000:00
101.00600G00
102.0 390000
103.0. 701000
104,090~ .000

S0 §0 60 00 04 46 06 20 BD 60 60 60 60 60 06 44 46 60 60 60 66 82 66 o6 oe o

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
\IJ:N_a_n_a—a_n—a_a\lNCC—INCLUG\_N—lmm—AJ‘—‘w—IO\\ImC

OCOEERFEFsrsrpODOOVIEETVEVOWM &

—
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Figure 6 cont

FCpHA, F2ED CALHOUN, INTRO PHYSICLOGY, BIOL 31°1 76092114010+=000

u}z. allosteric

: 105.00000000 0 2 2
4.3. enzwme nomenclature
2 106.00000000 0 3 S
: 107.00000000 0 1 6
: 108.00000000 0 1 S -
2 109.00000000 0 1 S
4.4, classification
z 110.00000000 0 1
: 111.00000000 0 2 5
: 112.00000000 0 4
5. cofactors
: 113.00000000 0 4 4
H 114,00000000 0 3 S
H 115.00000000 0 4 5
: 116.00000000 0 6 5
H 117.00000000 0 4 7
: 118.00000000 0 2 6
: 119.00000000 0 6 6

Figure 6. Contents listing for item file FCPHA. This ou=line parallels
the lecture in Introductory Physiolcgy.
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Item from a physiology itenm

5,5¢0600090

Figure 7.
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Figure 7

stem

WO ZAMPLE ITEMS FOR A DEMONST
YCUNSTRiDZ°r J3F THE COXTUT: “OGRAMS 7€ 1094234915000
Tile o f v items.

127: 3 5 following, listed in ord
Tc .ored; c(ch), chinchilla;
=¥ albino. A zolored rabbit
ci.nchilla.

Tha parental g=notypes could

424 20 79 45 + o+ c{ch) X c+ = {ch)

400 21 81 456 + =+ c(ch) X c+ ={(h)

238 80 60 45 - ¢+ c(ch) X c{ch) c{ch)

270 81 62 43 - c+ z(ch) X c(ch) =(h)

255 79 59 4y - ¢+ ={h) X c(ch) c(ch)

449 20 82 43 + ¢+ c{ch) X c+ c

250 82 59 43 - <+ ¢ X c(ch) c{(chy

260 78 43 eu -~ =r~unw of the other answers ar

file of 242 itenms.

1500 5 7 : Az amino acid residue that c
crhzins (R groups)

300 40 62 S0 + zezTrTne

325 40 63 49 + =yrcsine

«» Comm=nts ca: !~ placed before

275 40 61 51 + tna-z2nine

290 20 75 50 + aspaTtic acid

310 20 72 50 + ciutamic acid

214 39 51 49 - wnroline

220 70 72 30 - <tryptophan

200 =0 52 49 - isoleucin=

235 30 51 48 - 1leucine

194 ) 50 50 - valin=e

212 2.2 50 50 - alanine

225 =1 48 51 ~ gly—ine

ting of Ztem fils FIGY. {This is a tzZuncated
charac=ar listing, t-uncztisn allowmeil easier

T2 poTt.)
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SELECTIONS = Z2:V':%3IQNS = 2;
ITEM_FILE = PLv* | TEST_FILE = FIG"0;
RZQUEST = 2 10. -200;

LINESIZZE = 80;

TITLE = SPECIFIC TION EZAMPLE;

TND;

Figure 8. Swvec=iications for a
of each of 2 selactions).

set of 4 tests (2

35
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Figure 9

761007200979, SSZCITICATIONS SOUGH™
SELECTIONS = 2;

VERSIONS = 2:

ITER_FILE =

TEST_FILE = FIG ;

REQUEST = 2

LINESIZE = 8 ;

TITLE = SPEC FIT.TI i EXAMPLE:
END;

76100720091¢, SPEITTICATIONS JBTAINED
TITLE = SPECIFICETICY EXAMPLE
TEST_FILE = TIGIC

ANALYSIS_PFILE =

KZY_PRINT_FILE =
KEYT_PUNCH_FILE =
SELECTIONS = 2
VERSIONS = 2
FIRST_KEY = 1
LISESIZE = 30
PASESIZE = 65
TOP_LINE = 1
SELECT#RIGET = 1
SELECT#WROEG = 4
RAWDOM_NUMETZR = 26091
7610072009+, oofiIBLE ITEMS
REQTEST FTLE ITEMS
" FIli - 100.00020000 27.73.00000000

76100720091, AVAILABILITY o7 REQUESTZD ITEMS
REQUEST F . GESTED FAVAILEBLE

1 2 Z
75100720931, STECIFICATIONS =O0JGHT
GXOUPS 'oiCIITSED = 1

Figzre . IISGEN opezated on speciZications of fioure 8 to
FTo=uce -his spacifications listing z.d tests of ficurze 10.
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Figure 10

761007200919, SELECTION 1, VERSION 1, XKEY 1, #ITENS -
SPECIFICATION EXAMPLE

1. The following, listed in ordar of dominance, are 4 alleles in rabbits:
c+, colored; c{ch), chinch:12la; c(h) h-mszlayan; c, albinno. A colored rabbit
crossad to a colorsd rabbiz produced 3 colorad: 1 chinchilla, The parental
genotypes could have been (1) none of t=2 ozher answWwers are correct

(2) c+ c(h) X c(ch) c(ch) {(3) c+ c(ch I ¢+ c(h) (4) c+ c(ch) X c(ch) c{ch)
{(5) ¢+ c X c(ch) c{ch)

2. An amino acid resicwme that con:iilibut=s to H oonding between amino acid
side chains (R groups) {(1* proline (ZY alanin=2 {3) threonine

(4) valine {5} isoleuc_n=

761007200919, SELECTION 1, VIZRSION 2, +Iv 2, #ITExS =
SPECIFICATION EXAMPLE

1. The following, 1lis~ -3 iz ordar ¢ ZominsmTs, zre 3 alleles in rabbits:
c+, colored; c{(ch), chinchi.1lz: =(h kiw=z.ayan; <, =..:inm. A colored rabbit
crossed to a color=d rabbi- zwozucel 3 w.lored: 1 z=_:chilla. The parental
genotypes could hsvs besn %} c- ¢ I ¢ {zu) =(ch) N c+ c(ch) X c+ c(h)

(3) c+ c(ch) X c(zu) c{ch) L) oz+ (Y T c(zh)y ==z
(5) none of the cther ansv¥sr- aTs CorT=T7

2. An amino acii rmsii . <sat oo~ T_outes tc o s-nding between amino acid
side chains (R grcups) (7, uzsoniirz UL isoi=stTins {(3) valine
(4) alanine (5) proline
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Figure 10 cont

3
761007200919, SELECTION 2, VERSION 1, KEY 3, #ITENS 2
SPECITICATION EXAMPLE

“+ The& following, list=d in order of dominanc?2, are 4 alleles in rabbits:
c+, colored; c(ch), chinchilla; c(h) himalayan; c, albino. A colored rabbit
crosszd to a colored rabbit produced 3 colored: 1 chinchilla. The parental
genotypes could have been (1) c+ c(ch) X c+ ¢ (2) c+ c(ch) X c(ch) c {ch)

(3) c+ c(ch) X c(ch) c(h) (4) none of the other answers are correct
(5) c+ c X c(ch) c(ch)

2. An amino acid residue that contributes to H bonding between amino acid
side chains (R groups) (1) prolirne (2) glycine - {(3) aspartic aciad
(4) alzrnine (5) valine

761007..00919, SELECTION 2, VERSION 2, KEY 4, #ITEMS 2
. SPECIFZCATION EXAMPLE

1. The following, listed in order of dominance, are 4 alleles in rabbits:
c+, co_ored; cich), chinchilla; c (h) himalayan; c, albino. A colored rabbit
crosse! to a colored rabbit produced 3 colored: 1 chinchilla. The parental
ganotyoes could have been (1) none of the other answers are correct
(2} c+ c(ch) X c(ch) c(ch) (3) c+ ¢ X c(ch) c(ch) {8) c+ c(ch) X c(ch) c(h)
(5} c+ c(ch) X c+ c

2. An amino acid residue that contributes to H bonding between amino acid

side chains (R groups) (1) glycine (2) valine {(3) aspartic acid
(4) alanine (S) proline
Figure 10. ITSGEN operated on specifications of figure 8 to produce

these 4 tests (2 versions of 2 selections) and the specifications listing
of fiqgure 9,
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Figura

KEY_PRINT_FILE = FIG14;

ITEM_FILE = BDGNA;
REQUEST = 6 S 12 17 23 31 u41;
ITEM_FILE = BDGNB;

REQUEST = 3 97 111 112;

ITEM_FILE = BDGNC;

REQUEST = 6 118 135 148 165 175 184;
ITEN_FILE = BDGNF;

REQUEST = 3 417 436 449;

TEST_FILE = FIG13;

TITLE = FIRST SAMPLE TEST, GENETICS, FALL 1976:
END;

T A e A G - -t - -~

Figure 11. sSpecifications for 1 test.
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FPigqure 12

763228232541, SPECIFICATIONS SOUGHT
KEY_PBINT_FILE = FIG14;

ITEM_FILE = BDGNA;

REQUEST =6 5 12 17 23 31 u1;
ITEM_FILE = BDGNB;

REQUEST = 3 97 111 112;

ITEM_FILE = BDGNC;:

REQUEST = 6 118 135 148 165 175 184
ITEM_FILE = BDGNF:

REQUEST = 3 417 436 uu9;

TEST_FILE = PIG13;

TITLE = FIRST SAMPLE TEST, GENETICS, FALL 1976;
END;

760928232541, SPECIFICATIONS OBTAINED

TITLE = FIRST SAMPLE TEST, GENETICS, PALL 1976
TEST_FILE = SAMPLE ~

ANALYSIS_FILE =
KEY_PRINT_FILE
KEY_PUNCH_FILE
SELECTIONS = 1
VERSIONS = 1
FIRST_KEY = 1
LINESIZE =

PAGESIZE = 65
TOP_LINE =
SELECT#RIGHT = 1
SELECT#WRONG =
RANDOM_NUMBER = 9281

(]
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Figure 12 cont

760928232541, POSSIBLE ITEMS

REQUEST FILE ITEMS
1 BDGNA 5.00000000
1. BDGNA 12.00000000
1 BDGNA 17.00000000
1 BDGNA 23.00000000
1 BDGNA 31.00000000
1 BDGNA 41.00000000
2 BDGNB 97.00000000
2 BDGNB 111.00000000
2 BDGNB 112. 00000000
3 BDGNC 118.00000000
3 BDGNC 135.00000000
3 BDGNC 148.00000000
3 BDGNC 165.00000000
3 BDGNC 175.00000000
3 BDGNC 184.00000000
4 BDGNF 417.00000000
4 -BDGNF 436. 00000000
4 BDGNF 449.00000000

760928232541, AVAILABILITY OF REQUESTED ITEMS
REQUEST #REQUESTED #AVAILABLE

1 6 6
2 3 3
3 6 6
4 3 3

760928232604, SPECIFICATIONS SOUGHT
GROUPS PROCESSED = 1

Figure 12. ITSGEN operated on the specifications‘of figure
11 to produce this specifications 1listing and the test ‘of
figqure 13.
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Figure 13

760928232541, SELECTION 1, VERSION 1, KEY 1, #ITENS 18
- FIRST SAMPLE TEST, GENETICS, FALL 1976 ,

1. Mendel's Law of IndePendent Assortment states that each parent passes on
(2) 9:3:3:1 ratio ({3) random chromosopes (4) heterozygosity (5) random combin

_ 2. In peas, smooth seed (S) is dominant over wrinkled (s) and yellow seed (
yellow seeds is testcrossed. The 100 Progeny plants are all smooth yellow. What
(1) ssYy (2) ssYY (3) ssyy (4) insufficient information (5) SSYY

‘ 3. The environment inflUepces (1) no human traits (2) most characteristic
(#) only non-inherited traitS (5) only a few traits

4. If A- is epistatic tO B and b, what phenotypic ratio will result from th
(3) 121:1:1 (4) 9:6:1 (5) 13:3

5. A man and wife. are bOth heterozygods for a recessive autosomal gene whic
probability that the first c¢hilg will be a girl with phenylketonuria? (1) 1/4

: 6. 1If a chi-square test Yields p of 0.001 the hypothesis is (1) correct vi
(2) questionable and should be retesteg (3) incorrect (4) incorrect with a pro

7. All cells in each individual of a species have the identical number of
(#) ribosomes (5) chromosomes ‘

8. Growth in higher organisms occurs primarily by (1) mitotic cell divisio
(5) cytoplasmic expansion .

9. A diploid cell has tWo petacentrics and two acrocentrics. After one mito
metacentrics and how many acCOcepntrics? (1) 2 and 0 or 0 and 2 (2) 2 and 1 or

10. Stage of meiosis ip ¥hich homologs are paired (1) anaphase II (2) telo
~(5) anaphase II :

117 A human cell in G1 has aboutIGE-qzmicrograms of DNA. How many microgranms
(3) 3E-6 (4) 6E-6 (5) 24gp-6

12. Microsporogenesis differs from megasporogenesis (1) 2 meiotic divisions
(3) takes place in flowers (%) pore than one nucleus in cell at fertilization

13. Meiosis I nqndisjunction of sex chromosomes in a human male would -lead t
(2) no sex chromosomes (3) 2 Xsg (4) 1 X (5) 1 ¥

14. A man has ichthyosiss, an X~linked recessive. His wife is homozygous norm
(1) 1/4 of children (2) none (3) 1/2 of children  (4) all daughters (5) 1/2 s

15. Claret-eyed female flieg are crossed to rad-eyed males. All progeny are
(1) X-linked recessive (2) auUtpogomal dominant (3) X-linked dominant (4) autos

- - —— - — - - -—— > - - — -

Figure 13. ITSGEN operated on specifications of figure 11 to produce
this test. (This is a truncateq version of the actual 132 character, 18
item test; truncation allowed easier reproduction of this report.)

Q 2
:

IToxt Provided by ERI
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, Figure 14

760928232541, SELECTION 1, VERSION 1, KEY 1, #ITEMS 18
(1) 5 (2) 5 (3) 2 (W) 1 (5) 4 (6) 1 (7) 5 (8) 1 (9). 3

(10) 3 (11) 2 (12) 2 (13) 2 (14) 2 (15) 2 (16) 5 (17) 2
(18) 1

Rt R L o P,

Figure 14, 'Key for test of fiéure 13.
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, Figure 15

TESTING STATION PROCEDURE

Report to the testing station with a #2 pencil, picture ID
(student ID, driver's licence, etc.), and other materials
required by your instructor. You will not be admitted
without these materials. Under no circumstances will
scratch paper, books, notes, pets, or other non-required
material be allowed in the testing room.

INITIATION OF TEST

1. You must show the monitor a picture ID. He will check
it against the class roll and loan you a test.

2. Write your name at the top of the answer sheet,
3. Black out your student ID on the answer sheet (item 1).
4. Do all scratch work on the tast.,

5. Consult the monitor for technical advice. The monitor
will not answer any questions concerning the subject matter
or wording of your test.

SPECIAL CODES AND INSTRUCTIONS FOR SOME CLASSES

6. Exponential numbers ."are in E notation; €+g., 1.3 times
ten to the minus five is 1.3E-5, '

7. When answering items requesting ‘second digit only*, use
only the second digit of your computation; i.e., starting at
the left and ignoring leading zeroes, take the second digit;-
2.9.,

if your computation yields 903.75, your answer is 0,

if your computation yields 1.987E-4, your answer is 9,

if your computation yields 1.0, your answer is 0,

if your computation yields .00567, your answer is 6.
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: Figure 15 cont

ON COMPLETION OF THE TEST

8. Have the monitor exchange your answer sheet for your
test key.

9. Return to, your seat and studY your test., 'This is your
only chance to study your *est as it will be destroyed.

10. Please note any technical problems on the back of your
test, Hisspelled words, difficult phrases or terms, and
- multiple correct answers are exaliples. Also specifically
note other short-comings of the test; e.g., no questions on
subject X, too many questions on Subject Y. please make the
monitor aware of these notes whel you turn in the test so
that the monitor will route your test to your instisuctor.
Any notes you make may improve subSequent tests. .

11. . On completion of your study and before leaving the
room, you must return the key and the test to the monitor.
Removing tests from the testing room or copying test itenms
is a violation of the Honor Code.

- - e - -

Fiqure 15. 1Instructions on the usSe of the testing station
given to all students the week Defore the first testing
period. :
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Figure 16

Please give us some facts and opiniohs to help in evaluation
of this course and the out-of-class testing system used for
your multiple choice test.

OPTIONAL Enter your ID number as usual in the upper left
corner of the answer sheet. Your instructor will never see
your responses. This request is made to permit correlating
responses with course achievement. (Do not write name.)

1. Were the multiplé Choice test questions appropriate for
course content?

17 _ - (1) very, appropriate
52 _ _  {2) adequate

23 _ _ (3) somewhat deficient
8 — _ (4) really off-base

2. How well werz the multiple choice questions Wwritten; to
what extent were they understandable?

0 _ (1) exceilent
27 — - _ (2) good
45 - - (3 fair
28 (4) poor

3. TFor nme this course is
35 19 7 (1) very difficult
50 60 61 (2) difficult
15 19 -27 (3) about average
0 0 4 (4) easy
0 2 0 (5) very easy

4. The 1lowest-grade I would be satisfied with in this
course is :
15 15 14 (1) a
22 62 45 (2) B
33 23 38 (3) C
30 0 3 (4) D

5. For me this course is
i 13 5 (1) boring
16 16 8 (2) slightly boring
28 38 39 (3) slightly interesting
‘42 33 48 (4) interesting

6. Rate the overall quality of instruction in this course
as compared with others you haves taken at Virginia Tech.
7 5 2 (1) Poor
38 45 13 (2) Fair
33 42 58 (3) Good
22 8 28 (4) Excellent
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Figure 16 cont

The following questions concern only the out-of-class method

of testing used for your multiple choice test, not the test .

questions or course.

7. The multiple choice test could be taken over a four-day
period. Which day did you take it? :
5 11 22 (1) firs%
. 13 15 12 (2) second
22 8 36 (3) third
60 64 29 (4) fourth
2 1 (5) cannot remember

For 8. thru 12: Various things may have influenced your
choice of day. Tell whether each was an influence.

8. Taests scheduled ih other courses
87 87 79 (1) yes
13 13 21 {(2) no

9. Desire to gain as much study time as pnssible
80 74 59 (1) yes
20 26 41 (2) no

10. Illness
8 8 3 (1) yes
92 92 97 (2) no

11. Personal or social reasons
42 40 35 (1) yes:
58 60 65 (2) no

12. Gain information from someone who took the test earlier
10 _ _ (1) yes

90 _ _  (2) no

13. Do you think you were able to do better on the multiple
choice test (on the first try) as a result of choosing your
own day? '

34 68 67 (1) yes

2% 16 11 (2) no

37 16 22 (3) cannot say

14. Did you retake the multiple choice test?
49 47 57 (1} yes
51 53 43 (2) no

15. Did availabilitv of the retest influence how hard you
studied for the first multiple choice test? ,
322 37 37 (1) yes
68 55 53 (2) no
8 10 (3) cannot say
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Figu== 16 cont

16. If you retook the multiple choice test, do you feel you
learned more as a result?

63 78 88 (1) yes

23 12 7 (2) no

14 10 5 (3) cannot say

17. Did the atmosphere of the testing room and freedom from
time pressure ,aid your performance on the multiple choice
test or retest compared with that of regular classroom
testing?

56 81 81 (1) yes

23 13 15 (2) no

23 6 3 (3) cannot say

18. Which multiple choice testing approach do you prefer?
29 24 7 (1) irnclass (all studeants take
: the same test on =he same day)
“1 76 93 (27 out-of-class ¢as in this class
with oppurtunity to retake)

19. Sup=—ose that the opportunity to retak= was not
available. Then which approach would you prefer? ‘

50 -2 20 (1) inclass
50 58 80 (2) out-of-class

20. Rate the helpfulness of receiving the key =mmediately
after completing .the multiple choice test.

43 39 57 (1) very helpful

39 46 37 (2) helpful

18 15 5 (3) not helpful

21. Do you feel that there was a substantial variation in
degree of difficulty from one person's examination to
anothert*s? : ‘

- 22 16 (1) yes

_ 22 24 (2) no

- 956 59 (3) cannot say

22. Did spreading examination time over a two-week period
interfere with learning new material-?

=4 15 (1) yes, somewhat

ith 36 (2) yes, slightly

60 50 (3) no

23. Write any comments or suggestions not covered above on
the back of the opscan sheet.

Figure 16. sSurvey of three classes. The three columns are
the percentage (rounded to integers) of students in each of
the three classes that considered the item and marked the
response., ' 18
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Figure 17

"An excellent system."

"This system of testing seems exceptionally beneficial for
courses such as genetics and physiology, because the student
was given time to assimilate all the material."

"Overall, I 1like the system, and I definately perform angd
learn more through this method."

"Testing w“rocedure in this individualized manner ~Was very
effective as & iearning device. It was more relaxed, a more
2fficient use of time and more considerate of the student.®

"I think thizs is a great system and wish other teachers
would do ths same." : ‘

"I think the retake system of exams is a excellent systen.
Any faults it hbas are a result of the short time period the
quarter systex gives. I sincerely feel that I learned much
more from this course as a result ani furthermore I wish all
my classes had it."

"1 prefer this system of testing because it makes you awvare
of areas you are weak in and gives you a chance to correct
your weaknesses. I found it gave me more thorough knowledge
of the material, and that's what I'm here for."m

"I like it. Let's do more this way."

"Reduced pressure from not having a time factor involvead
really helped. Knowledge that a retest was available also
aided in reducing pressures. Individual testing reduced
amount of distractions. I beliave all of the responses were
helpful in not only doing better, but i+ is also a batter
indications of what is really learned."

"This new system really takes the pressure out of taking
tests. I was abls to study more effactively and@ did much
ba2tter than usual. T hope this systsm catches on in the
other departments."

"By being able to retake the exam we are able to know what
type of questions will be asked and can be better prepared.
Choosing our own day to take the exam avoids conflicts with
other tests."

"I like the non pressurized testing procedure and the retake
is of little concern, because I feel that I will do as well
the first time as I would the second time when it comes to a
'computer' test like this. The choice of day is also very
good and allows the student to schedule the test around
pressing engagements." '

Figure 17.  Relevant positive student comments on item 23

of figure 16.
an
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Figure 18

"Great system but (instructor) should be there to answer
specific (course) questions.®

"Teacher should be presaant to. answer questions on ambiguity
of some gu2stions on tha test.n

Figure 18. Relevant negative student comments on item 23 of
figure 16. -
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PAGESIZE .

TOP_LINE

FIRST_KEY

TITLE

control of tes<z
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Table 1

cificatZons for contra’ling generation of

T WP R un e AT M W —E S wn R D n A e W T = ——— - D > - - - — - w— -

range {defaults parenthes=zized), description

64-(132). Width of test xage in characters.
40-(65) . Length of tes— page in lines.

(1) -30. Pirst print lins= of test page.

E L3 s e

(1) -Y¥. Each test, and zll material raelated
to it, 1is uniquely and serially identified
with a 'KEY' integer beginning with the value
of FIRST_KEY.

(blank) or 1-32,767 characters. . App=ars at
the top of first pages »f each test, usually
ased Zeox special instructions or
idervifiza=zicx. A =itle cannot contain a
semicolcm.

items

ITEM_FILE

RANDOM_NUMBER

REQUEST

1=-7 charact=r— item file name must be
specified.

(computed) or 5 digit odd nauzber. Initial
random rumb=ar for pseundo random number
gsnerator. Two test gem=rations will be
equivalent If theiz RANDOM_NUMBER
specifications =zre the szme (assuming the
same requests =re made from the same item
files).

must be specified. Number of items to _ be
randomly selected followed by the IDs of the
possible items; e.g., 'REQUEST = 10 17.5-39
73 97.6 107,7-3000.1;' requests a random
selection of 10 items from a pool of itens
containing items 17.5 through 39, item 73,
item 97.6, and items 107.7 through 3000.1. A
REQUEST specification is associated with the
first preceding ITEM_FILE specification. Any

"number of REQUEST specifications can be

associated with an ITEM_FILE svecification.
In general, education is better served if
each request is for 1 item from a homogeneous
pool. '
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P e e e e T R I Y S

SELECT#RIGHT

SELECT#WRONG

TEST_FILE

VERSIONS

control of auxi
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Table 1 cont

TN TR R T n am e e Ty W S S - Sy e A e W o . - -

items continued

(1)-Y. ©Number of tests to be generated by
randomly selecting items and randomly
selecting rasponses from the selected itenms.

(1)~-32,767. Maximum number of true responses
to be randomly selected from each selected
item.

1-(4)-32,767. Maximum - pumber of false
responses to be randomly selected from each
selected item.

1-7 character file name must be specified.
ITSGEN writes the tests on this print file.

(1)~Y. Number of tests +to be generated by
randomizing the order of each item's
responses. Thus, 2 versions of a selection
are informationally identical.

liary information

ANALYSIS_FILE

KEY_PRINT_FILE

KEY_PUNCH_FILE

. - - - - o - - -

(blank) or 1-7 character file name. ITSGEN
writes all item and response IDs for each
test generated on this file for subsequent
use by ITSUPD.

(blank) or 1-7 character file name. ITSGEN
writes the test keys on this print file. ~

(blank) or 1-7 charadier file .name. ITSGEN
writes the test keys on this punch file.

P AR AR o - ) T - —n - - — e - - - - - -

Y must be consistent with 32,768 = SELECTIONS X VERSIONS +

FIRST_KEY.
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Table 2

Table 2. The percentage (rounded to integers) of the
*right' class students who obtained the indicated pair of
grades at their first testing period (N = 93).

R T e o S GR - T R WR T WD B "y o u— A ) mn Ap

test . retest
F D C B A
F 14 L) 8 4 2
D 1 4 7 7 4
c 0 2 5 15 9
B 0 0 0 2 7
A 0 0 0 0 0

T R AR M L e A N s WP wn R R T mn N R R R en WP SR . T TR e e WP wn WS S G R TS M WS e W A S e D M S e e W WP W g we e oy
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